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(57) Abstract 

The invention relates to an apparatus and method for au- 
tomatic purification of extra-chromosomal DNA from a cell su- 
spension using a reaction device (1) and comprising: means (36. 
21, 4, 5, 6, 34, 39) for introducing the cell suspension from a con- 
tainer (20) into a reaction and/or mixing chamber (33), means 
(2) for agitating the contents of the chamber (33), means (36, 14, 
15, 4, 6, 39) for introducing a lysing solution into the chamber 
(33) to lyse the cells therein, means (36, 17, 18, 4, 6, 39) for intro- 
ducing a>precipitating solution into the chamber (33) to precipi- 
tate chromosomal DNA and, optionally, proteins and cell debris 
therein, means (36, 7, 8, 43) for feeding the liquid contents of the 
chamber (33) through a filter (31) to a collecting device (22), 
means (26) for purifying extra-chromosomal DNA from the con- 
tents of the collecting device (22), means (36, 25, 23, 24, 4, 5, 7, 8, 
43) for introducing a dissolving solution into the chamber (33) to 
dissolve the precipitate remaining therein, and means (5, 6, 39. 
34, 4, 16) for feeding the dissolved precipitate to waste. 
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Apparatus and meth od for automated purification of 
extra-chromosomal DNA from a cell suspension using a reac- 
tion device. 

The invention relates to an apparatus and a method for 
automatic purification of extra-chromosomal DNA from a cell 
suspension using a reaction device. 

Reference is directed to PCT SE89/00144 belonging to the 
same applicants which is also concerned with an automated 
method for purification of extra-chromosomal DNA. The con- 
tents of the previous application are incorporated herein 
by reference. 

It is known from Birnboim and Doly (Nucl Acids Res 7, 
1513-1523, 1979) that plasmid DNA can be purified from 
Escherichia coli. The bacterial cells are first lysed in an 
alkaline medium containing a detergent. This is followed by 
a neutralizing step which yields the plasmid DNA in soluble 
form while most proteins, cell debris and chromosomal DNA 
precipitate. Plasmid DNA is then recovered from the mixture 
by centrifugation and a pure plasmid fraction is obtained 
by subsequent purification. Kieser (Plasmid 12, 19-3 6, 
1984) has described a similar method, involving a combina- 
tion of heat treatment and alkali treatment, which gave 
improved purification of plasmid DNA and less contaminating 
RNA. In these known methods, the purification involves 
several separate steps, such as for instance extraction and 
centrifugation, thus requiring considerable investments in 
equipment and operator time. 

An automated plasmid purification work station based on a 
laboratory robot has been described by de Bonville and 
Riedel (Advances in Laboratory Automation Robotics, 1986, 
ed. Strimatis and Hawk, Zymark Corp., Hopkinton, Ma., 
pp353-360) . That system is based on a number of laboratory 
unit operations and the robot uses several hardware 
stations, including a centrifuge, pipettes, capping 
devices, sample tubes, tip racks, a microtiterplate etc. 
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Although this work station is automated the system has 
several disadvantages. Firstly the system has to be set up 
with tip racks, sample tubes, supernatant tubes etc. , which 
is labour intensive. Secondly, a considerable amount of 
disposable material is used which increases the expenses 
for each plasaid purified by the system. Thirdly, several 
mechanical operations are involved and this might cause 
technical problems in routine use. 



An automated nucleic acid extractor has been described 
(EP-o 245 945) for extracting and purifying nucleic acids 
from cells without the use of centrifugation. In the method 
(described in EP-0 215 533) a lysate is created and mixed 
with a phenol-based solvent system and then heated to pro- 
mote phase separation. The lower organic phase is removed 
and the upper aqueous phase is repeatedly extracted. The 
aqueous phase is finally dialysed to further purify the 
nucleic acid solution. The method is used for extraction of 
high molecular weight DNA (about 10 8 Daltons) from eukaryo- 
tic cells such as blood lymphocytes and liver cells.' Thus, 
the method is well suited for extraction of chromosomal DNA 
from cells. 



With reference to PCT SE89/00144, an apparatus and a method 
for purification of extra-chromosomal DNA from bacteria has 
been described, which is rapid and avoids phenol extractions 
and ethanol precipitation. This was attained by a method 
comprising the following steps: 

- introducing the bacterial cell suspension into a chamber, 

- introducing a lysing solution into the chamber and mixing 
it with the contents thereof to lyse the cells therein, 

- introducing a precipitating solution into the chamber and 
mixing it with the contents thereof to precipitate chromo- 
somal DNA and, optionally, proteins and cell debris 
therein, 

- filtering the contents of the chamber through a filter and 
feeding the liquid contents to a collecting device, 

- purifying extra-chromosomal DNA from the contents of the 
collecting device, 



- introducing a dissolving solution into the chamber and 
mixing it with the contents thereof to dissolve the 
precipitate remaining therein, and 

- feeding the dissolved precipitate from the chamber to 
waste . 

Using this method, a complete cycle for introducing the cell 
suspension into the chamber to complete regeneration of the 
chamber and the column took less than ten minutes. The com- 
plete purification involving ten samples therefore took 
approximately ninety minutes under which no supervision or 
manual labour was needed. The plasmid DNA purified in this 
way was directly used for restriction analysis and the de- 
gree of contamination between different preparations was 
less than 0.1 percent. 

However, the apparatus and the method described have the 
disadvantages that vacuum and pressurized air is needed for 
the transport of the cells and to move liquids into and out 
of the mixing chamber. In addition, the volume of the solu- 
tions taken from the solution containers and the volume of 
the purified DNA solution are determined by the viscosity, 
time, pressure and/or filter capability. This introduces 
difficulties to control the operations in a reproducible 
manner and makes it necessary to have safety margins which 
means that it is difficult to optimize the yield of DNA as 
well as the time needed for the different operations. 

The main object of the present invention is to provide a 
reaction device consisting of a reaction chamber with a 
volume determined by the movement of a piston, which allows 
the size of the reaction chamber to be controlled by a con- 
trol unit interfaced with a stepping motor. The piston move- 
ment provides the pressure and vacuum needed for the opera- 
tion according to the invention and the vacuum pump and the 
pressure air source can be omitted. Solutions and cells to 
be lysed are introduced into the reaction chamber through a 
negative pressure obtained by upward movement of the piston. 
Filtering is achieved by creating a pressure through down- 



ward movement with the piston. Relevant valves must be open 
or closed during these procedures. 

The advantage with the apparatus containing the reaction 
device as compared to the apparatus described in PCT 
SE89/00144, includes defined sample volumes and defined 
times for the different operations, which means that less 
amount of buffers are needed for each cycle and that the 
cycle time can be further optimized. Also, higher yields are 
obtained as no safety volumes are needed and the lack of air 
pressure and vacuum means gives safer handling as no contain- 
ers need to be pressurized. In addition, the volume of the 
buffers and the cell suspension can be determined by the 
movement of the piston, which gives a flexible system easily 
adapted to different host cells. 

The reaction chamber and the accompanying apparatus and 
method according to the invention will be described more in 
detail below with reference to the accompanying drawings on 
which 

Fig 1 shows a schematic block diagram of an embodiment of an 
apparatus according to the invention, 

Fig 2 shows a drawing of the reaction device consisting of a 
chamber with a size determined by the position of a movable 
piston, and 

Fig 3 shows an example of the movement of the piston in the 
reaction device during a purification and regeneration 
cycle. 

As can be seen from Pig. 2, a reaction and/or mixing chamber 
33 with a volume determined by the position of a movable 
piston 36 is illustrated, comprising a filter with filter 
support and sealing gasket 31, a stepping motor 32, such as 
Berger Lahr RPM 564/50, a reaction chamber 33 containing a 
magnet, capillary tubings 34, 39 and 44, inlet 38 and outlet 
37 for cooling and heating water, an o-ring 35, a piston 36, 
a water jacket for heating/cooling liquid 40, a piston rod ' 
with thread 41 and a removable bottom part 42. 



The reaction device operates as follows to automatically 
purify extra chromosomal DNA from a cell suspension with the 
numbers refering to the schematic drawing of the complete 
apparatus in Fig.l (numbers 1-31) and to the reaction device 
based on a movable piston, see Fig. 2 (numbers 31-43). Note 
that the filter 31 is shown in Figs 1 and 2 and that the 
capillary tubings 34, 39 and 43 in Fig. 2 represent the 
tubings 5, 6 and 8, respectively, in Fig. 1. The pressure 
and sucking of liquids in and out of the mixing chamber 33 
is obtained through downward and upward, respectively, move- 
ment of the piston 36, through the action of the stepping 
motor 32. An example of the motion of the piston is shown in 
Fig. 3 and will be referred to in the text. 

The reaction device 1 is provided with agitating means 2, 
preferably by said magnet, situated in the reaction chamber 
33 between the piston 36 and the filter 31, which is acted 
on by a magnetic stirrer placed under the reaction device 1 
(not shown) . The magnet motion can be turn on or off through 
the control of a control unit. The reaction device 1 is 
provided with means 3 to control the temperature in the 
reaction chamber 33. The temperature control can preferably 
be provided by supplying heating/cooling liquids to a space 
jacket 40 surrounding the reaction chamber 33. The piston 3 6 
of the reaction device 1 is connected to a stepping motor 32 
by a piston rod 41 with a thread, which transfers a rotary 
movement to the up- and downward motion of the the piston 
36. The volume of the reaction chamber 33 is determined by 
the position of the piston. The reaction chamber 33 may be 
provided with temperature sensor means (not shown) to sense 
the temperature inside the reaction chamber 33. 

At the bottom of the reaction chamber 33, a filter 31 is 
provided. This filter may consist of material such as metal 
or polymer. 

An inlet/outlet port is connected to an outlet/inlet port of 
multiport valves 4 via a tubing 39 (6) , while an outlet 
port in the upper part of the reaction chamber is connected 
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via a tubing 34 (5) to an inlet port of the multiport valves 
4. A pressure valve may be provided to tubing 34 (5) to 
prevent high pressures in the reaction chamber 33 to be 
built up during filtration. An outlet/inlet port at the 
bottom of the reaction device l is connected to an 
inlet/outlet port of the multiport valves 7 via a tubing 43 
(8). 

The multiport valves 4 exhibit an outlet port connected to 
waste via a tubing 16. Moreover, the multiport valves 4 is 
connected to a precipitating solution container 17 via a 
tubing 18. Another inlet port of the multiport valves 4 is 
connected to a lysing solution container 14 via a tubing 15. 

A tube or vial 20 containing a cell suspension from which 
extra-chromosomal DNA is to be purified may be connected to 
an inlet port of the multiport valves 4 via an automatic 
injector or sampler 21, which is just schematically 
indicated. It is to be understood that there can be a number 
of vials 20 from which extra-chromosomal DNA is to be puri- 
fied in sequential order. 

A sample is sucked into the reaction chamber 33 through 
upward movement of the piston 36 using the step motor 32. 
The volume of cell suspension inserted into the chamber 33 
is determined by the movement of the piston 36 (see Fig. 3). 

The multiport valves 7 exhibit an inlet port and an outlet 
port between which a collecting device in the form of a 
sample loop 22 of predetermined volume is connected in the 
embodiment shown. A container 23 containing a dissolving and 
cleaning solution is connected to an inlet port of the multi- 
port valves 4 and 7 via tubings 25 and 24, respectively. 

The inlet end of a chromatography gel filtration column 26 
is connected to an outlet port of the multiport valves 7 via 
a tubing 27, while the outlet end of the column 26 is con- 
nected to a drip nozzle 28 of a fraction collector (not 
shown) via a tubing 29. Drops of purified extra-chromosomal 



DNA from the drip nozzle 28 are collected in a vial 30 of 
the fraction collector. It is to be understood that there 
can be a number of vials 30 to collect extra-chromosomal DNA 
extracted in sequence from the cell suspension vials 20. 

In the tubings between the outlet end of the column 26 and 
the drip nozzle 28 of the fraction collector (not shown) , a 
two-way valve 19 is inserted to connect the outlet end of 
the column 26 to either the drip nozzle 28 or waste. 

An eluant for the chromatography column 26 is supplied by a 
pump 11 from an eluant container 12 via a tubing 13 to an 
inlet port of the multiport valves 7. 

The multiport valves 4 and 7 as well as the agitating means 
2, the temperature control means 3, the step motor 32, the 
sampler 21, the pump 11 and the fraction collector 
(symbolized by 28 and 30) are all controlled by a control 
unit (not shown) in a manner known per se. 

The apparatus shown on the drawing (Fig. 1) having the reac- 
tion device shown in Fig. 2 operates as follows to automati- 
cally purify extra-chromosomal DNA from a cell suspension in 
the vial 20: 

The cell suspension is sucked from the vial 20 into the 
reaction and/ or mixing chamber 33 using an upward movement 
of the piston 3 6 as schematically shown in Fig. 3 (A) . Thus, 
a predetermined volume of the cell suspension is sucked up 
by the sampler 21 and enters the mixing chamber through the 
tubing 6 (39) via the multiport valves 4. 

The cell suspension may, optionally, be concentrated by 
filtering the suspension through the filter 31 (Fig. 2) 
through downward movement of piston 36 as schematically 
illustrated in Fig. 3 (B) . The reaction chamber is, 
optionally, agitated during the filtration by means of the 
magnet placed. in the chamber 33. 



The cells in the concentrated cell suspension are, then, 
lysed in that a predetermined amount of lysing solution from 
the lysing solution container 14, is introduced into the 
reaction chamber 33 using upward movement of the piston 36 
(Fig.3, C) via the tubing 15, the multiport valves 4 and the 
tubing 6 (39). The mixture is mixed using the agitating 
means 2. Optionally, the reaction chamber is heated by means 
of the temperature control means 3, which is achieved by 
introducing preheated liquid into the jacket 40 via the 
inlet 38 and the outlet 37. 

To precipitate chromosomal DNA, proteins and cell debris 
from the content of the reaction chamber, predetermined 
amount of the precipitating solution from the precipitating 
solution container 17 is, then, introduced into the rection 
chamber using upward movement of the piston 36 (Fig.3 D) 
via^the tubing is, the multiport valves 4 .and the tubing 6 

The mixture is agitated using the agitating means 2 and, 
optionally, the reaction chamber is cooled by means of tem- 
perature control means 3. This is achieved by introduceing 
cooling liquid into the jacket 40 via inlet 38 and the out- 
let 46. 

The contents of the reaction chamber 33 is then filtered 
through the filter 31 by means of pressure caused by down- 
ward movement of the piston 36 (Fig.3, E) . a predetermined 
volume of the liquid content of the reaction chamber 33 is 
collected by the loop 22 via the tubing 8 (43) and the multi- 
port valves 7, while precipitated chromosomal DNA, proteins 
and cell debris will remain on the filter 31. 

To purify extra-chromosomal DNA, the contents of the loop 22 
is applied to the chromatographic column 26 by means of the 
pump ll. impure fractions are supplied to waste by the valve 
19, while pure extra-chromosomal DNA is collected in the 
vial 30 from the drip nozzle 28. 



At the same time as the chromatographic purification takes 
place, the precipitate remaining on the filter 31 and within 
the reaction chamber 33, is dissolved in that a predeter- 
mined amount of the dissolving and cleaning solution from 
the container 23 is introduced by upward movement of the 
piston 36 (Fig. 3, F) into the reaction chamber 33 through 
the tubing 25, the multiport valves 4 and the tubing 6 (39). 

After agitating the reaction chamber 33 by means of the 
agitating means to dissolve and loosen all the precipitate 
and, optionally by heating the chamber by introducing heat- 
ing water into the jacket 40 using the inlet 38 and the 
outlet 37, the dissolved precipitate is supplied to waste by 
means of the pressure caused by downward movement of the 
piston 36 (Fig 3, G) via the tubings 6 (39), the multiport 
valves 4 and the tubing 16. 

This procedure can be repated one (Fig. 3, H and I) or sever- 
al times (not shown) . The reaction chamber 33 is then ready 
to receive another cell suspension from the sampler 21 to 
start a new purification cycle. 

Instead of the column 26, means can be provided to add a DNA 
precipitating agent to the contents of the loop 22 to purify 
extra-chromosomal DNA by precipitation in a manner known per 
se. 

The means for purifying extra-chromosomal DNA may also com- 
prise adsorbing means, e.g. a solid adsorption matrix, for 
adsorbing purified extra-chromosomal DNA from the contents 
of the loop 22. 

The purification mentioned in the above two paragraphs is 
suitably carried out in a separate chamber or container (not 
shown) . 



CLAIMS 



1. Apparatus for automated purification of extra-chromosomal 
DNA from a cell suspension using a reaction device (1) com- 
prising 

- means (36,21,4,5,6,34,39) for introducing the cell suspen- 
sion from a container (20) into a reaction and/or mixing 
chamber (33), 

- means (2) for agitating the contents of the chamber (33) , 

- means (36,14,15,4,6,39) for introducing a lysing solution 
into the chamber (33) to lyse the cells therein, 

- means (36,17,18,4,6,39) for introducing a precipitating 
solution into the chamber (33) to precipitate chromosomal 
DNA and, optionally, proteins and cell debris therein, 

- means (36,7,8,43) for feeding the liquid contents of the 
chamber (33) through a filter (31) to a collecting device 
(22), 

- means (26) for purifying extra-chromosomal DNA from the 
contents of the collecting device (22), 

- means (36,25,23,24,4,5,7,8,43) for introducing a 
dissolving solution into the chamber (33) to dissolve the 
precipitate remaining therein, and 

- means (5,6,39,34,4,16) for feeding the dissolved 
precipitate to waste. 

2. Apparatus according to claim 1, wherein the chamber (33) 
comprises said filter (31). 

3. Apparatus according to claim 1, wherein a temperature 
control means (3) is provided to raise the temperature of 
the chamber (33) during lysing of the cells, and lower the 
temperature of the chamber (33) during the precipitation of 
chromosomal DNA and, optionally, proteins and cell debris. 

4. Apparatus according to claim 1, wherein said reaction 
device (l) and pump means (32) are provided to control the 
flow of liquids within the apparatus. 

5. Apparatus according to claim 1, wherein said collecting 
device comprises a loop (22) of predetermined or variable 
volume . 



6. Apparatus according to claim 1, wherein said means for 
purifying comprises a chromatographic gel filtration column 
(26) connected to an output of the collecting device (28) 
and means (28,30) for collecting extra-chromosomal DNA con- 
taining fractions eluted from the column (26) . 

7. Apparatus according to claim 6, wherein a means (36,25, 
23,24,7,8,22,27) is provided for introducing a cleaning 
solution into the column (26) to clean it. 

8. Apparatus according to claim 1, wherein said means for . 
purifying comprises means for adding a DNA precipitating 
agent to the contents of the collecting device (22) to pre- 
cipitate extra-chromosomal DNA. 

9. Apparatus according to claim 1, wherein said means for 
purifying comprises means for adsorbing purified extra-chro- 
mosomal DNA from the contents of the collecting device (22) . 

10. Apparatus according to claim 1, wherein said means for 
adsorbing further comprises a solid adsorption matrix. 

11. Method for automatic purification of extra-chromosomal 
DNA from a cell suspension using a reaction device, compris- 
ing 

- introducing the cell suspension by suction created in 

the reaction device into a reaction and/ or mixing chamber, 

- introducing a lysing solution by said suction into the 
chamber and mixing it with the contents thereof to lyse 
the cells therein, 

- introducing a precipitating solution into the chamber and 
mixing it with the contents thereof to precipitate chromo- 
somal DNA and, optionally, proteins and cell debris 
therein, 

- filtering the contents of the chamber through a filter and 
feeding the liquid contents to a collecting device, 

- purifying extra-chromosomal DNA from the contents of 
the collecting device, 

- introducing a dissolving solution into the chamber and 



mixing it with the contents thereof to dissolve the 
precipitate remaining therein, and 

feeding the dissolved precipitate from the chamber to 
waste. 



12. Method according to claim 11, comprising raising the 
temperature of the chamber during the lysis of the cells, 
and/or optionally lowering the temperature of the chamber 
during the precipitation of the chromosomal DNA and, option- 
ally proteins and cell debris. 

13. Method according to claim 11, comprising using vacuum 
and/or pressure provided by said reaction device and pres- 
sure from pump separated from the reaction device to control 
the flow of liquids. 

14. A reaction device capable of being used in said appara- 
tus and method for automatic purification of extra-chromosom- 
al DNA from a cell suspension and comprising 

- a reaction and/ or mixing chamber (33) having a volume 
determined by the position of a piston (36) movable inside 
said chamber (33) , 

- at least one filter (31) provided in the bottom of the 
chamber (33) on a filter support and sealing gasket (31), 

- at least one inlet/outlet port connected to a lower part 
of the chamber (33) via a tubing (39) while an outlet port 
is connected via a tubing (34) to the upper part of the 
chamber (33) and preferably through the piston (36), and 

- at least one inlet/outlet port at the bottom of the reac- 
ion device (l) below the filter (31) connected to the 
chamber (33) via a tubing (43). 

15. A device according to claim 14, wherein the chamber (33) 
is surrounded by a space jacket (40) provided to supply 
heating/cooling liquids in order to control the temperature 
in said chamber (33). 

16. A device according to claim 14, wherein the piston (36) 
is connected to a stepping motor (32) by a piston rod (41) 
with a thread for transfering a rotating movement to an up- 
and downward movement of the piston (36) . 
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